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PROJECT STPWINDER 


I. Introduction 


Tha ebjactlvi of ?roJ«ct Stawlndar vai to prob« and «ample nuclear 


cloud» at »oon a« poaalbla aftar cloud stabilization In ordar to lnv«stl- 


gat« tha amount of radioactive debrla which stablllzaa In tha troposphere 


and Ita dlaerlbutlon with halght. Sampling waa aceonpllihad by tha 


X3-57 aircraft of tha 1211th Test Squadron under tha scientific direc- 


tion of the Atmospheric Radioactivity Research Project, U. S, Weather 


Bureau and sponsored by the Division of Biology and Medicine, U. S. 


Atonic Energy Conalsslon. Tha detonations Investigated were all air 


bursts over water during Operation Dominic I at Christmas Island. Some 


data for surface detonations obtained by sampling aircraft during 


Operation Redwing are used to compare with the Stemulnder data. 


The project was conceived as an attempt to utilize available 


sampling aircraft (on a non-interference basis with respect to their 


primary mission) to narrow the area of uncertainty Involved In two 


related problem«. First, there waa the operational need for prediction 
of the passible local hazard due to ralnout of radioactive debris from 


a portion of a nuclear cloud which might pass over Christmas Island 


shortly after an alrburst. Since the tops of rain clouds In the 


Christmas Island area were generally below 20,000 feet, and often 


below 10,000 ft., the amount and distribution of debris In the stem of 


the mushroom cloud was of primary concern. In tha absence of any data, 


tha possibility could not ba ruled out that one percent, or more, of 


the fission products produced might remain In the stem region below 


20,000 feet. Since predictions of the ralnout of this amount of debris 


could, under certain circumstances, indicate unacceptable levels of 


contamination at the ground, thus causing tha postponement of scheduled 


detonation», there was an Immediate need for data on radioactivity In 


the stem cloud. 


Tha second problem concerns tha partition of radioactive fission 


products between the stratosphere and tha troposphere as a function of 
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Chi nuclear yield, th* height of cht cropopeuie, the height of detona- 


tion, and poeslbly other faetori. Thli ha« been an Important considera- 


tion In •»clmatlng Che long-rnnge fallout from nuclear teats since fission pro» 


ducti have a mean residence tine of several week» in the troposphere (Inter- 


mediate fallout), as opposed Co many months or years In the stratosphers 


(world-wide fallout), depending on the latitude and altitude of injection. 


Th« fraction of the debris which remali« in th« troposphere may be 


particularly important in considering the po««ibl« haxard from relatively 


short-lived Isotopes, such as 1-131, since th« stratospheric portion 


will usually decay to insignificant amount« before it can return to the 


surface of the earth . 


It must be emphaaixed that th« above remark« apply only to th« very 


small particles which contribute to the intermediate and world-wide 


fallout. In th« case of surface detonations, much of th« radioactivity 


la associated with relatively large particle« which comprise the local 


fallout. These large particles are not affected by the tropopause and 


will appear in the "local" fallout regardless of whether they are 


Initially injected into the troposphere or the stratosphere. 


II. Cloud Heights of Air Bursts in a Tropical Atmosphere 


Dominic shot data, IncluHing yield, height of burst, cloud top and 


baae and tropopause height, ara listed in Tabl« I of the Appendix. The 


cloud top data ara plotted a« a function of total yield In figure 1. 


The two low yield Dominic detonations (Tanana and Petit) are Included 


in Table I, but not in figure 1. Since there wa« no scientific prograa 


to document cloud height«, a "bast guess" wss arrived at for each cloud 


by evaluating estimates made by observers at the ground and In the 


sampling aircraft in the light of the dose rates reported at the various 


sampling altitudes. Some of the aircraft had a maximum altitude of 


about 60,000 feet and on most detonations at least one of the aircraft 


flew at an altitude within a few thousand feet of the cloud top. Th« 


error in th« estimated cloud height i« believed to b« less than 10 


percent. Variations in th« height of burst did not appear to have 


any consistent effect on the cloud heights. Evidently, the effect of 


the burst altitude was masked by the influence of meteorological factors 


and/or the errorn in the cloud height estimates. 


To aid in drawing the mean curve and the estimated range of cloud 


heights (indicated by the dashed lines in figure 1), selected data 


were added from ot.ier Pacific test series. Almost all the detonations 


In past U.S. test« In the Pacific were gutf.-ce bursts and Cha documen- 


tatlon of nuclear cloud dloanafona wai generally poor. Fcrhapt the 


most reliable cloud Cop measurements were those obtains'' by aerial pho- 


tography on a few of th« Redwing detonations. These data are plotted 


In ilgure 1 along with all available data for yields greater Than 10 


megatons (1). The curves are Intended to be valid only for "air bursts" 


in a tropical atmosphere and for heights of burst (HOB) less than about 


IS percent of the expected cloud top height. For this purpose, an 


"alrburst" may be defined as a (letonation at an altitude equal to or 


0 4 
greater than 180Y where Y is the total yield in kilotons. Only 


surface burst data are available for yields above S MT, and it is assuacd 


Chat In this yield range the data are applicable to airburscs as well. 


However, it must be emphasized that there are no reliable cloud cop data 


for yields greater Chan about S megatons and the extrapolation of the 


curves beyond this point represents little more than an educated guess. 


indeed, over Che andre range of yields shown In figure 1, ehe dashed 


curves indicace only Che expecced range of cloud heighes for Che scaced 


conditions and should not be interpreted as representing absolute limits. 


III. Stem Cloud Penetration» 


An RB-57 aircraft was available for stem penetration missions Irae- 


dlately following seven of the Dominic detonations. The navigator was 


provided with an Eberline E-500B dose-rate meter with a ran^e i.-om 0.01 


to 2000 mr/hr and instructed to record the dose rate as the pilot pene- 


trated the stem cloud at specified altitudes. The dose rates measured 


in the cockpit were Chan used to estimate the amount of activity in Che 


cloud in the following manner: 


The relation between cloud concentration and dose rate in a uniform 


Infinite cloud (2) is given by 


C- Jjg Woo (1) 


P0 (3.7 x 10*) (1.6 x 10-6)E 


C « cloud concentration in microcuries/oa 


0 • dose rate in Roentgcns/second 


p ■ standard density of air at sea level ■ 1.293 x 10* g/cm 
o 
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p ■ denaity of air at sampling altitude in g/cm 


E " average gamma energy in Mev 


84 - energy absorbed per roentgen In trgi ptr gram of air 


1.6 x ID*6 ■ Kgi p«r Mtv 


3.7 x 10* • diilnttgratlona ptr tecond ptr mlerocurlt 


Convtrtlng tht unit of dott ratt Co rotncgtnt par hour, and Cht 


conctncratlon Co megacurle»/(mile*) , vt havt 


C • Z.l ja_S_ 


P0 E (2) 


For item penetrations within an hour afttr bunC Clot, Z waa aaaumtd to 


bt 1 Htv. For t>t aaopUng missions between 2 and S hourt afttr burse, 


a value of 0.S6 Mtv waa iutd (3). Flgurt 2 glvtt cht valut of p/o aa 


a function of alclcurfa for a typical tropical atmosphere (4). Using 


appropriate values for E and c/o in equation 2, tha dott ratts rtcorded 


during stem ptnttration wtrt eonvtrttd to cloud conctntrationa. An 


estimate of tht stem diameter waa than uatd to estimate tht total volume 


of cloud in a laytr 1000 fttC Chick. Multiplying Cht concencration by 


tht volume tht total amount of activity in tht laytr and the fraction of 


the bomb represented by that activity was detarmintd. 


The stem ptnttration daCa and compuCed results are given In table II 


of the Apptndix. Tht results art also shown in figure 3 as a plot of tha 


fraction of tho bomb prtstnt in a 1000 foot tllca of Cht «tern cloud 


vtrsus htighC (indicaCtd aa ptrctnt of Cht CoCal stem height). Tht 


thrte highest Dominic data points are derived from the extended sampling 


missions dttcribed in StcClon IV. The Redwing data Is discussed in 


Stction V. Tht curve it Intended Co rtpresenC a conservative estimate 


(for safety considtrations) of the activity as a function of height in 


tht stem for air burats, 


Tht rathtr largt scatter in the data may bt attributed to several 


iactorj. Ic apptara ChaC Cht stem visibility may bt tht most important 


of thest. Most of Che hightr accivity readings occurred duri ig penetra- 


tions when Cht tcaa cloud waa visible to tht pilot. Tht relatively low 


rtadinga wtrt obtained whtn tht cloud was not viaibla or, whtn it is 


not known whtthtr tht cloud was visible. IC is quite poaaiblt that the 


aircraft did noC actually ptntCratt Cht seen on Chttt occasions. Tht 


dott rates measurtd inside tht aircraft may havt been dut to "shine" 


from tht stem cloud or to diffust material outtidt of tht stem core. 


* Statute miles are uatd throughout this paper. 
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In Choit c<««t where tht »tem was not visible and several passes were 


mad* at Che same altitude, only the highest rtadlng hat bean plotted. 


It la uofortunate that (or the lower 80 percent of the item, 


virtually all the data for the larger detonations (Arkansas, Questa, 


Enclno) are questionable due Co the at« visibility problem. Therefore, 


it It Impossible to tay whether the low values obtained for these shots 


may Indicate a real decrease in Che fraction of activity In Che lower 


tees with increasing nuclear yield. 


Additional facCors which conCrlbuCa to Che uncertainty In Che 


resulct are -Che following: 


1) Stem volume estimates 


In order Co determine Che CoCal activity present In a 1000 


fooC layer, Che item diameter at Che penetration altitude mutt be 


estimated. The estlmaCea uted In the computations are given in Table II 


of Che appendix. These valuea are based on visual estimates made by 


ground observers, visual ettioacet by the airborne taaplert or, where 


naeeetary, atelmatet from other deeonationt in the tame yield range. 


The estimated diameter could be In error by at much a« a factor of two 


in tome catet. 


2) Stem Height Estlmatet 


The stem wat considered to extend from tea level to the base 


of the cloud, regardless of the height of burst. The cloud basea in 


Table I are bated on vltual observations from the ground and from 


sampling aircraft and verified, where possible, by radiation readings 


reported by sampling aircraft. The uncertainty In the height of the 


cloud base (stem hclghc) it about ten percent. 


3) Representativeness of Dose Rate Readings 


The measured dose rates are assumed to represent those in a 


unlfonn, infinite cloud. The assumption appears to be reasonably valid 


for those penetrations where the stem wat visible. The aircraft required 


20 tecondt or more to traverse the cloud at a speed of about 7 miles/ 


minute while the mean free path of gamma radiation in air It on Che 


order of a few hundred feec. The navigator reported that the dose rate 


would rite sharply on entering tht cloud, remain fairly tteady (within 


a factor of two) during penetration and then drop aharply. It would 


be advantageouf to ute automatic time-intensity recordert In future 


operations. 


The effect of aircraft "shielding" on the dose rate in the cockpit 


is also uncertain. Tests made at the ground, using a point source out- 
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«Id* the «Ircrafc, Indicated that there was no appreciable shielding 
effect on gaooa radiation due Co Ch* aircraft «kin. However, equation 
(2) assumes that Che receptor Is completely «urcounded by a uniform 


radiation field. Actually, of course, Che recepcor w«s aurrounded by 


a "blank «pace" equlvalenc to Che volume of Che aircraft. No attempt 


ha« been aude Co correct for Chi«, However, Ch* effeec «hould be «mall, 


probably 1««« Chan a facCor of two, «Ince th* mean free path of the 


gamma radiation la large compared to th* dlmenalon* of Ch* alrerafC, 


ExperlmenCal determination of the correction facCor «hould b* planned In 


connection wich any future operation of Chi« Cyp*. 


IV. Alrcrafc Sawplln« In Ch« VldnlCv of Ch« Cloud B««* 


AlrerafC equipped wich Lo« Alamo« Scientific Laboratory (LASL) air 
filter tank» war* available for five Dominic detonation«. Approximately 


one-hour «ampllng ml««lon« ware flown at altitude« from 35,000 Co 48,000 


feet from 2 Co S hour« after detonation, Th* two «ampllng tanks were 


op*nrd «ImulCanaously whan contacC wich Ch« cloud wa« made and remained 


open for Che entire «ampllng period. A« Ch* «ampllng pattern wa« flown, 


do«^ raC* reading« In Ch« cockpit war« mad« at ona-ninuC* Intervals wich 


a hand-held AN/FDR-27J Radiacmeter with a range from 0,01 to 300 mr/hr. 


Sampling missions were successful on four of the five detonations and 


Ch* radio-chemical analysis of Ch* samples are reporCed elsewhere (5). 


The dose race readings obcained during Chree of the sampling missions, 


one for Bluestone and Cwo for Bighorn, were sufflcienC to estioate the 


distribution and aanunC of activity In the cloud at «ampllng altitude. 


The result« are Included In figure 3 and Table II (Appendix), 


Bluestone 


The Blueston« cloud wa« sampled at an altitude of 45,000 feet at 


approximately 3 to 4 hour« after detonation. The base of Che cloud wa3 


reported Co be aC abouC 45,000 feeC. 


The «hot-tlm« wind daCa and Ch« position of Ch« cloud, both indi- 


cate cloud travel Coward Ch« ESE aC abouC 15 knoCa. To correcC lor the 


movement of Che cloud during Che «ampllng period, Che reporCed alrcrafc 


positions war* adjusted Co Ch* sampling mid-time of 3-1/3 hours afCer 


detonation. Th* resulting radiation field and Che actual «ampllng 


Crack (unadjusted) are shown In figure 4, Assuming a decay exponenC of 
-1.2, integration of Ch« pattern yields 520 R/HR-(mlle«) aC one hour In 


a 1000 foot layer. From equation (2) this Is equivalent Co 270 megacuries 
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or ot Cha cotal fission products produced by the detonation. 


The cloud covers an area of 5200 squart miles aC this altitude. 


The sampling track appears to have covered the cloud quite wall. 


However, the pilot roportad "ahina" from higher perelens of Che cloud 


during the last few »inutea of sampling whan ha was outside of the visible 


cloud. The readings due to "shine" were about 100 nr/hr. It is there- 


fore possible that a aignlficant fraction of the in-cloud readings may 
also have been du« to shin« from the upper portions of the cloud and the 


estimate of the amount of activity at 43,000 feet may be high. 


Bighorn 


Sampling missions war« flown at altitudes of 43,000 fact and 48,000 
feet from 4 to S hours after the detonation. The base of the cloud was 


estimated to be at about 50,000 feat. The cloud movement was toward 


tha southeast at about 11 knots at 43,000 feet and toward tha south- 


southeast at tha same speed at 48,000 feet. The data was adjusted to 


a mid-time of 4-1/3 hours at 43,000 feet and 4-2/3 hours at 48,000 feet. 


The actual sampling tracka (unadjusted) and radiation patterns are shown 


in figures 5 and 6. Integration of the pattern at 43,000 feet yields 


250 R/HR-(mlles) at one hour in a 1000 foot layer. This is equivalent 


to 140 megacurles or "f the device. The cloud covers an area 


of 6000 square miles. Integration of the pattern at 48,000 feet yields 


500 R/HX-(miles) at on« hour in a 1000 foot layer. This la equivalent 


to 230 megacurlea or of tha fission products produced by the 


detonation. Tha cloud covers an area of 9000 square alias at this 
altitude. 


Although the crews were not aware of any problem with "shine" on 


these missions, th« possibility that radiation readings may have been 


Influenced by shin« from higher portions of the cloud can not be ruled 


out. 


V. Comparison With Radlochenistrv Result» 


The rsdiochealcal analysis of the samples obtained on the Bluestone 


and Bighorn ■Isslona provldea a check on the method of calculating the 


amount of debris present from the dose rata reading* in the cloud. 


Tracerlab (6) has detarmined the total number of fissions collected in 


99 
each sample, based on the number of atoms of Mo present, corrected for 


99 23 S 
the fission yield of Ho for thermal fission of U . Given the total 


volume of air passing through the sampling tank and the average dose rate 
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along the sampling pith, ue can estimate Che fissions per sample by Che 


same method that wet used Co estimate Che fraction of Che bomb in a 


1000-fooc layer. The volume sampled li determined from Che altitude, 


temperature of the air, Ch* apeed of Che aircraft, aampllng time and Che 
charaecerlitlci of the aampllng tank and filter paper (7), The average 


dole rate la determined fron the readings taken In Che cockpit aC one- 


minute Interval» during the aampllng period. From equation (2) we can 


calculate Ch« gaama megacurlea in Che sample. Assuming that one klloton 


23 
of fission (1.4 x 10 fissions) is equivalent to 550 ganaa megacurlea 


at one hour, we will use the conversion factor; 


20 
1 megacurle (H + 1) - 2.64 x 10 fission« 


Table I gives the pertinent daCa and Che fissions/sanpla as calculaCed 


from Che do«« race reading» and as determined from radlochemical analysis 


of Ch« »ample. 


TABLE I 


Comparison of CalculaCed and Analyzed Fissions/Sample 


Sample Av'g 


Altitude Volume Dose-Rate CalculaCed Fisslons/Sanple 


S^t (Feet) (Feet)3 (MR/HR At H+l) Fissions/Sample (Rad Chen Analysis) 


Bighorn 
43,000 
1.06xl06 
190 
1.9xl014 
3.3xlOU 


Bighorn 
48,000 
l.llxlO6 
270 
2.3xl014 
4.9xl0U 


Bluestons 45.000 
l.lOxlO6 
560 
5.6xlOU 
5.8xl01A 


The agreement between Che calculaCed values and Ch« results of Che sample 


analysis Is remarkably good, considering Che uncerCainCles due Co d.e 


posslbillcy of "shine" from other portions of Che cloud, aircraft "shielding" 


and alrerafc conCamlnadon. The calculaCed values for Che Bighorn samples 


are low by about a facCor of two, possibly du« to th« effect of th« "blank" 


»pace" mentioned in section III. The calculated value for BlueaCon« 


Is in alaosc perfect agreement with the results of ehe sample analysis. 


As mentioned above, there was reason Co suspect a "shine" contribution 


to the dose rates on this mission which may have compensated for the 


"blank spec«" «ffecC. Additional experimental daCa is needed Co evalu- 


ate chese facCors buC the results indicate Chat Ch« method employed on 


these missions is a practical and promising way to obtain the distribution 


of activity in a nuclear cloud. 
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VI. Redwln» In-cloud Dose Rate Pat« 


Redwing Project 2.66a (8) Investigated Che doee» and doie 


ratei ex--rlenced at various altitudes In aircraft penetrations of 


several nuclear clouds, all but one resulting fron surface bursts. Some 


of these penetrstlons were complete traverses through the cloud. Since 


the altitude, the mean speed of the aircraft (7 miles per minute), the 


time In cloud end sverage dose rate are reported, thess data can be 


utilized In the sane manner as the Dominic stem penetrations to compute 


the fraction of the device at the penetration altitudes. The pertinent 


data and computed quantities are given In Table III of the Appendix. 


The computed device fractions are plotted In figure 3 for comparison 


with the Dominic data. 


Several Interesting features nay be noted. It appears that the 


fraction of activity In the upper half of the stem Is greater for 


surface bursts than for air bursts and the difference Increases with 


altitude. The largest gradient of activity with altitude appears at 


about 70-80 percent of the stem height which Implies that, for surface 


bursts, the radioactive base lie« below the visual cloud base. However, 


this Inference may not be warranted since the high activities encountered 


below the base may be due to the descent of fallout particles from above. 


The values computed for the lower portion of the mushroom indicate 


about I to 2 percent of the total fission products per 1000 feet. Since 


the mushroon. portion of the clouds investigated averaged about 30,000 


feet in vertical extent the average activity in the mushroom must have 


oe.n about 3 percent per 1000 feet. Thus, we have some basis tor 


believing that this admittedly crude method can give at least the right 


order of magnitude for the activity at a given altitude even when using 


the average dose rate on a single pass through the cloud. 


Finally, we note that the one Redwing data point for an airburst 


(Cherokee) gives sbout five times Che activity indicated by the curve 


estimated from the Dominic data. This might be attributed to the fact 


Chat the detonation took place at a lower scaled height than any of the 


Dominic air bursts. The burst height was somewhat below the mininum 


0 4 
altitude for a true air burst according to our definition (HOE?180Y ' ) 


and the activity distribution might be expecCed Co be Intermediate between 


those for air burses and surface bursts. Although the close-in fallout 


measured sfter the Cherokee detonation was very light it was considerably 


more than that found after any Dominic shot. However, only one surface 


vessel was available for fallout measurenents during the Dominic tests. 
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Shipboard dose rit* level» never exceeded 0,1 nllllrotnCg«ni/hour but 


the very Umlted number of measurement« obtained do not permit us Co 


draw firm conclusions. (These «««»uremenCi, obtained at the raquaie of 


cha Hazard« Evaluation Branch, have noc bam published.) 


VII, Raaulti and Conclualon» 


A. Activity In the Stm Cloud for Mr Burat« 


Although Cha Dominic «cam panatraclon data laava a good daal 


to b« daalrad In defining Che dlacrtbutlon of activity In the «ten, 


the curve In figure 3 repreaent« a "beat eatloate" based on our 


tnterpretadon of these data. A major uncertainty lies In the 


aaaumpclon Chat Che dlatrlbutlon la Che staa doea not vary with yield. 


Al mentioned In Section III, this curve may ovareatlmat« Ch3 


activity In the lower part of Che «Cea for the larger yields (above 


about 200 KT). 


B. Cumulative Activity with Height In the Nuclaar Cloud for 


Alrbureti 


Using the stem activity curve In figure 3, an «atlmate of th* 


cumulative activity with height in the nuclear cloud was derived. 


The «olid portion of the curve In figure 7 was obtained from the 


stem activity curve using an average stem height of 40,000 feet and 


assuming the height of thj top of the stem (or visual cloud base) 


to be 63 percent of the cloud top height (the average for the Dominic 


series). Since the entire seem appears to .^ntaln less than 1 per- 


cent of the total activity. It la obvloua tliat the activity must 


Increase rapidly with height at or above the base of the cloud. The 


dashed portion of Che curve represencs a subjective estimate, based, 


In part, on the Redw'ng data for aurface detonation«, of Che 


distribution of activity In the mushroom portion of the cloud. The 


activity In the mushroom 1« aaaumed to be distributed a« follows: 


Layer 
(Percent of Cloud TOD Height) 


Fraction of total Activity 
(Percent) 


65-70 
0.6 


70-75 
14 


75-80 
25 


80-85 
25 


85-90 
15 


90-95 
15 


95-100 
5 
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In sum, 1c appun rcaionably certain ChaC for alrbursts las« than 


1 percent of the total activity Is present In the stem and less than 


0.1 percent stabilises between the earth's surface and one-half of the 


cloud top altitude. The fraction of activity per unit altitude Increases 


with height throughout the stem and the region of maximum vertical 


gradient, which might be termed Che radiological base of the cloud, 


probably occurs somewhat above the visual cloud base. The peak activity 


per unit altitude is assumed to occur between 75 end 85 percent of the 


distance from the surface to the cloud top. The assumption ha« also been 


made that, for alrbursts, the discributlon of activity relative to the 


cloud top height docs not vary with the nuclear yield, burst height or 


atmospheric conditions. 


Actually the interaction of these factors must exert some influence 


on the activity distribution. The estimated tops and bases of the 


Dominic clouds indicate that the ratio of base height to top height has 


a tendency to decrease with increasing yield. However, the variation 


among detonations of about the same yield is almost aa great as that for 


the range of yields from The mean ratio is 63 percent 


with individual clouds varying from 53 to 73 percent. Some of the varia- 


tion may be due to errors in the estimated bases and tops, but part of 


the variation Is undoubtedly real. There is a similar uncertainty in the 


height of the radiological base. 


C. Partition of Activity Between Stratosphere and Troposphere 


The height of the tropopause, the boundary between the stratos- 


phere above and the troposphere below; varies with latitude, season, 


and daily atmospheric changes. The daily and seasonal variations 


are less in tropical latitudes than elsewhere. The tropopause 


height averaged about 54,000 feet above sea level for the Dominic 
test« and varied between 50,000 and 58,000 feet o.-i individual shot 


days. This behavior is representative of Che tropical tropopause. 


Using the activity distribution in figure 7, a mean tropopause 


height of 54,000 feat and the mean cloud height curve in figure 1, 


a "typical" curve of the percent of the total debris In the tropos- 


phere as a function of yield has been calculated. The curve, shown 


in figure 8, is intended to be valid at time of cloud stabilization 


for air bursts in a tropical atmosphere. Another curve has been 


drawn to indicate Che likely maximum Cropospheric fraction assuming 


a high tropopause (58,000 ft.) and low cloud heights (using the 


lower curve in figure 1). This doee not represen: an absolute 
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auximum since higher tropopauset and lower clouds may occur occaslo. ally. 


In addition, the uncertainties In the activity - height curve 


(figure 7) make It Inpoaalble to define a neaningful and useful abso- 


lute upper limit to the tropoipherle fraction. No attempt ha* been 


made to •atlmace the Blnlnum tfopospnerlc fraction, but In the 


megaton yield range It could be several ordars of magnitude below 


the "typical" fraction. 


The most critical uncertainty In the eatlmates occurs In the 


range from about 700 XT to about S megatons, where the radiological 


cloud base may He In the vicinity of the tropopausa. For yields 


less than 700 KT, the tropospherlc fraction (at cloud stabilization) 


can be estimated within a factor of two or lass. For yields above 


about 5 MT, the fraction In the troposphere becomes very small, 


although w« can not yet determine precisely how small It may be. 


Estimates of -ae tropospherlc fraction for each Dominic detona- 


tion are also plotted In figure 8. These eatlmates were made using 


the activity height curve in figure 7 and the estimated cloud top 


and tropopauae height for each shot (Table I in the Appcaiiv.), 


Finally, an estimate of the kiloton equivalent of fission 


products stabilized in the troposphere as a function of total yield 


for air bursts is shown in figure 9. The "typical" and "aaximem" 


curves were derived from the curves in figure 8, assuming the yield 


to be entirely due to fission. For thenno-nuclcar devices, the 


amount in the troposphere should be multiplied by the fission frac- 


tion of the device. Several interesting features may be noted. The 


maximum tropoapheric contamination Is produced by bursts in the low 


megaton range (assuming 100 percent fission yield). With typical 


cloud heights and an average tropopause height of 54,000 feet the 


maximum tropoapheric contaminarion is about 500 KT for yields between 


about 800 KT and 2 megatons. As the yield Increases the tropospherlc 


debris decreases rapidly and then levels off at about 5 kilotons of 


fission equivalent for yields from 10 MT to 100 MT. The maximum curve, 


based on a high tropopause and low cloud heights is quite similar, 


with a maximum tropospherlc contamination of about 1.5 megatons for 


yields between 2:iand 3 megatons, all fission. This curve also 


decreaae* rapidly and then levels off at about 12 kilotons of tropos- 


pherlc debris tor yield* between 15 MT and 100 MT. It should be 


recalled here that these curves are based on the activity-height 


curve in figure 7 and are subject to the same uncertainties. 
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D. Dominic Debris In the Troposphere 


tiling the estimated tropospherlc fraction (figure 8) and the 
fission yield (Table I, Appendix) for the Individual Chrlttiui 
T.Und 


detonation», 1c 1« estimated chat of the 
total radioactivity, Initially ttabllizad In the troposphere. The 


uncertainty in thil figure is less than Since a half- 


residence time of ont month is generally accepted for tropospherlc 


dabrls (9), one might expect to find somevihat more than 


äquivalent of dabrls deposited at the surface, mostly in tropical 
latitudes, within a month of the conclusion of the test series. A 


rough Integration (10) of the activity collected by the USAEC, 


Health and Safety Laboratory Monthly Fallout Deposition collections, 


indicated that only about was deposited in the latitude 


band from 30*N to 30'S through August 1962. This result is not 
Inconsistent, considering the uncertainties in the tropospherlc 


fraction and deposition estimates. However, there are several 


reasons for believing that the amount deposited in the latitude band 


was actually less than half the tropospherlc fraction. 


First, some of the debris which initially stabilized below 


the tropopause may have ascended into the stratosphere in convectlve 
cells or as a result of thermally Induced direct circulation. 


Second, some debris was transported to mid-latitudes at 
altitudes below the tropical tropopause. Since Ch«r« is a polar 


tropopause in mid-latitudes, generally between 30,000 and 40,000 feet, 


the debris which was transported away from the equatorial region 


at altitudes from sbout 40,000 to SS,000 feet would become incor- 


porated into the mid-latitude stratosphere. An inCcrastinj axar.nlo 
of this is provided by the interception of the Quests cloud by 


sampling aircraft over the western United States (11). In addition, 


the lower stratosphere over the United States appears to have con- 
tained fresh debris from the Christmas Island tests during most 


of the month of Hay, 1962 (11). 


Finally, the evidence for a half-residence time of one month 


for tropospherlc debris may actually apply only to debris below the 


polar tropopause. The residence time for debris In the troposphere, 


above 40,000 feet, in tropical latitudes has not been established. 


Only a very small fraction of the debris from the Christmas Island 
tosts stabilized below 40,000 feet. The fraction was much smaller 


than that for previous Pacific test series which consisted primarily 


of surface bursts. 
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In any cait, 1c hat b.come Increasingly evident that the 


potential hazard due to ihort-Uved fission products, Is not attri- 


butable solely to the portion Initially Injected In the troposphere. 


The tropopauae li not an inpenseable membrane; there is an exchange 


of air between the stratosphere and troposphere. Therefore, the 


three-dimensional trajectory of the debris-laden air would have to 


be considered In determining the fate of a particular debris cloud. 


It haa also been shown (11) that severe thunderstorms which 


penetrate the lower stratosphere provide an effective mechanism for 


bringing stratospheric debris directly to the ground. It appears 


that the thunderstorm scavenging of stratospheric debris from the 


Christmas Island tests accounted for moat of the Iodlne-131 found 


in milk in the midwestern United States In May 1962. 


VIII. Recemnendatlons for Future Work 


Project Staawlnder has shown in-cloud dose rate monitoring by 


aircraft to be a relatively simple and economical way to obtain useful 


information on the distribution of radioactive debris in nuclear clouds. 


Tantatlve answere have boon found for the questions which prompted the 
effort, but large uncertainties still exist. The experience gained with 


Project Stemwlnder indicates that the lower stem should be monitored 


soon after cloud atabillzation, while it is still visible, and that several 


penetrations should be made at each altitude to Insure that representative 


readings are obtained. Additional data is particularly needed for yields in 


the megaton rang«. 


An obvlouj limitation of Project Stemwlnder was the aircraft ceiling 


of 50,000 feet. The determination of the amount of debris initially 
stabilized in the roposphcre requires sampling to an altitude of 60,000 
feet. Aircraft with this capability have been used for cloud sampling 


but were üot available to the Stemwlnder project. 


The following -econsnendations are offered for the conduct of future 


operations should tit opportunity present Itself. 


A. A contlo »t > recording gamma intensity instrument package with 


a range froa ' ar/hr to 1000 R/hr should be used for aircraft cloud 


penetrations. 


B. Experimental determination of the dose rate reduction due to 


the aircraft should be attempted. 


C. The extended sampling missions near the base of the cloud were 


limited to one-hour sampling time for Project Stemwlnder. This 
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limit should ba extended Co two hours where radiation aafecv 


considerations permit. 


D. Klsflom should be flexible and there should be voice contact 


between the project director and the aircraft during the entire 


mission. The project director should follow the track of the air* 


craft on radar. The pilot can report his visual observations of 


the cloud, dose rates h« is encountering and any other infomation 


which might aid Ir. obta.'.iing complete coverage of the cloud at the 


chosen altitude. 


E. The project personnel should debrief the pilot and navigator 


inmedlately upon termination of the mission to record their 


Impresslcn» and discuss any quaatlona ceneamlng the Information 


obtained on the mission. 


F. If the opportunity presents itself, an attempt should be made 


to monitor the entire cloud from a low or Intamedtata-yleld 


detonation. Thus, the distribution of activity throughout the 


entire cloud can be ascertained and the total computed activity can 


be compared with the fission yield of the device at a check on the 


method. 
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KOTES ON TABLE I 


1. Johnaton lalaod datooatlona ar« not Included. 


2. Ylalda aad Balght of Burat ar« approxlaaCa and aubjact to ravlaton. 


(Obcalnad froa Olvlatoo of OparaCtenal Safaty, ASC, Daeaabar 1963.) 


3. Cloud Topa and Baaaa ara aacloataa baaad on vlaual obaarvatlona and 


In-eloud dea« rataa (Saa Sactlon II). 


4. ( ) IndlcaCaa data aattaatad from paat datooatlona. Ho obaarvatlona avallabl«. 


5. • ?rlgata Bird datonatad at'vi'SO'N 149*25". 


TABLE I 


DOMINIC I • CHRISTMAS ISLAND SHOT DATA 


Nama 
Data 
(1962) 


Total 
Yield 
(KT) 


Plaalon 


Ylald 
(KT) 


Cloud 
Top 


Height 
Cloud of 
Baaa Burat 
(Thovaaoda of Feet) 


Tropopauaa 
Height 


1 


ADOBE 
Apr 25 
55 
35 
2.7 
56 


AZTEC 
Apr 27 
62.5 
35 
2.8 
54 


ARKANSAS 
May 2 
62 
45 
5.3 
54 


QUESTA 
May 4 
62 
40 
5.4 
56 


-RICATE BIRD* 
May 6 
62 
40 
11.0 
56 


ITUKON 
May 8 
57 
J5 
2.8 
57 


XESILLA 
May 9 
55 
36 
2.5 
55 


MUSXSOßl 
May 11 
52 
30 
3.0 
52 


ENCINO 
May 12 
62.5 
40 
5.4 
53 


SWA.VEE 
May 14 
58 
35 
2.7 
56 


CKirco 
May 19 
55 
36 
6.9 
58 


TAMANA 
May 25 
23 
18 
9.0 
5d 


X.VV.SE 
May 27 
60 
40 
7.1 
55 


AU'A 
Jun 8 
65 
40 
8.9 
54 


TRUCKEE 
Jun 9 
60 
40 
7.0 
54 


VESO 
Jun 10 
79 
45 
8.8 
53 


K.\RLD( 
Jun 12 
65 
45 
13,6 
51 


RINCONAOA 
Jun IS 
65 
40 
9,1 
50 


DL'ZJCE 
Jun 17 
57 
35 
9.1 
53 


PETIT 
Jun 19 
24 
20 
13.0 
54 


OTOWI 
Jun 22 
57 
40 
9.0 
53 


SICH0R.N 
Jun 27 
(94) 
50 
12.2 
53 


BLUESTONE 
Jun 30 
(65) 
45 
4.8 
52 


SUNSET 
Jul 10 
(65) 
40 
5.6 
54 


PAMLICO 
Jul 11 
(82) 
(45) 
14.0 
53 
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HOTES ON TABLE II 


COUWW CCWEOT 


1 The unclassified code name for Che detonation . 


2 FUilon yltldf are approximate. Obtained fror Division of 


Operational Safety, AEC In December, 1963. 


3 Altitude at which aircraft penetrated the cloud. 


4 Penetration altltuie expressed as a percent of the altitude of 


the base of the mushroom cloud, 


5 Indicates whether the stem was visible to the pilot at the 


penetration altitude. 


(7) Indicates visibility Is not known. 


6 Values given are rough estimates of the stem diameter at the 


time and altitude of penetration. In a few cases, visual 


observations and aircraft "tlme-in-cloud" data were available. 


Bighorn and Bluestone diameters were estimated from figures 4-6. 


la other cases estimates are based on observations at other 


altitudes and/or other detonations of similar yield. 


7 Represents the volume of a 1000-foot deep layer of the stem, 


centered at the penetration altitude, computed from the 


diameter given In column 6. 


8 The clme.after detonation, of the aircraft penetration. 


9 The dose rate measured during penetration with a hand-held 


Instrument In the rear seat of the aircraft. 
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TABLE II (Continued) 


COLUMN COWIHff 


10 A decay exponent ot -1.2 wa« used Co convert doit races to 


on* hour after detonation. 


11 Relative air dendCy at penetration altitude obtained from 


figure 2. 


12 The one hour dote-rate (column 10) waa converted Co acClvlCy 


concentration in megacuriea/(milc) using equation 2, page 4. 


13 The data in eolumna 7 and 12 were used j determine Che amount 


of activity In a 1000-ioot layer centered at the penecradon 


altitude. 


14 It la assumed chaC 1 KT of fission produces 550 gamma 


megacurles at one hour after detonation (Classt'.ne, Effects 


of Nuclear Weapons, April 1962.) 


15 The activity per 1000-foot layer (column 13) is expressed as 


a percent of the total activity produced by the detonation 


(column 14). 
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